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INTRODLJCTION
The impacting of Comet Shoemaker-Levy 9 ("S1.9") into Jupiter in July 1994 was an extraordinary event, stimulating an unparalleled set of astronomical observations, The instrument complement of the Galileo spacecraft, on its way to a December 1995 orbit insertion at Jupiter, was able to observe the impact events from a unique vantage point above the dawn terminator (Fig. 1) . The Photopolarimeter Radiometer (PPR) (1 ), a single field-of-view instrument, employs a rotating filter wheel covering a variety of wavelengths in the visible and near infrared for photometric and polarimetric remote sensing of Jupiter's atmosphere and satellites.
For the observations of SL9, photometer, as it was important to the radiation associated with the the PPR was used as a high-speed maximize the chance of observing impact events, given considerable uncertainty about their magnitude, timing, and duration. Brief, bright emission from a very small area was expected for the "meteor flash" as the comet fragments passed through the atmosphere (2) . With the comet moving at 60 km/see, its passage through the atmosphere could be short enough that the detectable signal might be lost while rotating between filters. Consequently, single filter measurements with a 0.23 sec sample time were employed for most of the observed impacts.
Among the available wavelengths, two of the three polarimeter filters were selected: 678 and 945 nm (with bandwidths of 9 and 11 nm, respectively), near the peak sensitivity of the silicon diode detectors. Most events were observed at 945 nm alone, offering the possibility of detecting thermal emission from an upwelling fireball, which at some 3000 K (2) would be cooler than the entry meteor flash. For fragment Q1, however, measurements alternated at 678 and 945 nm, with a sample period of 1.26 sec at either wavelength. 'f.~. Martin 4 Radiation passes through a Wollaston prism in the PPR in order to separate orthogonal polarizations, which are sensed by separate detectors (1).
These simultaneous measurements afforded an enhanced ability to confirm the reality of detections, since the signal for a real event would appear in both channels, in contrast to random noise or spikes produced by cosmic rays hitting the silicon diode detector; the impact-induced radiation was not likely to be polarized.
At a distance of 1.6 AU from Galileo, Jupiter subtended only 0.6 mrad within the PPR 2.5 mrad diameter field (Fig. 1) . With no scan platform motion required (3) , and no use of the tape recorder (4), the PPR observations were sufficiently benign to be approved by the Project at times when Galileo was not in contact with any ground station. Impact events B, H, L, Q1, and S were selected for the memory-buffered approach (4). For the C, G, and R events, the PPR was set up to record data simultaneously with the infrared and ultraviolet spectrometer measurements (5). The R data on tape are not yet available.
Whether an impact event was detected depended on three factors:
1. Movement of the actual impact time relative to fixed observing time. The start and end times for the observation were fixed in mid-June by the spacecraft planning schedule.
2. Brightness of the impact, influencing signal level.
3. Amount of the stored data that could be returned given downlink communication time available.
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OBSERVATIONS
Among the set of memory -buffered obsmvations, definite signals were found for H, L, and Q1 (6; Fig. 2-3 ). These events were all much shorter than the observed time span (Table 1 ). The 1 a noise level at 945 nm for all observations was 1.2 data numbers (DN) after averaging the two polarization channel signals together without smoothing. This is about 0.5% of the integrated brightness of Jupiter at 945 nm.
All of the events detected show a rise to maximum signal within 2 seconds, at which time there is a sudden slope change at the peak intensity.
All of the 945-rim measurements bear a similar shape, with about a 10-sec plateau prior to falloff. The maximum duration of detected light is 35 sec for L. Data returned from the G impact, although sampled less frequently, show the same general behavior as the others (Fig. 4 ). There is a suggestion of secondary flashes in the 3 minutes following the main G flash.
However, examination of the two PPR channels shows a lack of correlated signals during this period, and it is unlikely that these peaks are real. It should be pointed out that there is no structure in the data indicating a separate detection of a "meteor" and a "fireball" phase, except perhaps for the slope change.
The 678 nm data for Q1 differ in that the signal decays faster (Fig. 5 ).
We note that the time-drift images of impacts K and N at 890 nm by the Solid State Imaging instrument on Galileo (7) show a comparable duration to our 945 nm data, and a similar shape. The SS1 sequence of W images at 559 nm (7) show a rise and fall within about 5 see, which is similar to the Q1 678 nm behavior. There is an unidentified spike in the Q 1 data about 1.5 min after the principal event seen in four channels (Fig. 3) ; this spike appears T.%. Martin 6 only in the two 678 nm channels, and those amplitudes differ by over a factor of two. Although the amplitudes are well above noise levels, the brevity of the signature and its dissimilar amplitudes suggest this may be a cosmic ray event affecting the two independent detectors. No other event of this kind is seen in the entire SL9 data set.
ANALYSIS
Two possible interpretations of the PPR data were initially conceived:
1. The flashes represent the hot meteor phase of the fragments' demise, with a duration indicative of the time for the glowing trail material to radiate its energy.
2. The PPR signal represents only the "fireball" phase: the upwelling or expansion of hot material after the meteor deposits its energy.
Clues to the origin of the light seen by the PPR can be found in the absolute intensities, in the ratio of intensities at different wavelengths, and in the correlation with other data sets.
The peak absolute signal levels observed by the PPR at 945 nm represent about 6%5 of the signal from Jupiter itself for the L event. The signal can be modelled by
where B(T(t)) is the time-dependent Planck function and w(t) is the effective solid angle subtended by the emission. The peak L signal is fit for either of these two distinct cases: Spectrometer experiment for G (9) and the brief 559-rim peak measured by the SS1 for W (7).
The 678 nm to 945 nm flux ratio drops to a value consistent with blackbody temperatures less than 4000K and an area on the order of 600 kmz within 10 seconds. Initial high temperature and small solid angle are also suggested for the G impact by the ratio of the Galileo UVS 229 run flux to that detected by the PPR at 945 nm during the rise to maximum signal (9).
Behavior of the Near-IR Mapping Spectrometer spectra obtained seconds later for G are also consistent with an expanding, cooling, blackbody source with an initial temperature above 5000 K, going down to 450 K in just over a minute (1 O) . The atmospheric pressure levels implied from the NIMS methane band data, when extrapolated backward to the time of the PPR peak, are near 50 mb, well below where a meteor trail would be found.
Could the first few seconds of the PPR flashes be due to the meteor Consequently, we expect the meteor phase to be dim at the PPR-detected wavelengths, as well as those used by the SS1 camera (13).
It also seems unlikely that the intensity of the meteor phase would so nicely merge into that of the fireball phase that follows. Note that the light curve shapes are very similar for four events of differing magnitude ( integrated brightness is much less than that measured by the PPR at nearly the same wavelength within the same time frame, implying that most of the radiation detected by the PPR originated below the I lST-observed limb.
Furthermore, its appearance at the limb 400 km above the 100-mbar level, seconds after the PPR observations, implies a time interval too short for a fireball to well up, assuming a speed on the order of the -10 km/see velocities responsible for the observed ballistic trajectories of the plume material at subsequent times (19) . Obviously, the most complete picture of the first few seconds of the impact events will arise from detailed comparisons between the PPR and other Galileo observations and a large suite of terrestrial measurements at these and later times, together with models of the impact phenomenon.
We can readily determine an upper limit for the flux reflected from the closest Galilean satellite, Io, for the initial flash. The peak flux density for fragment L observed at a distance of 1.6 AIJ by the PPR at 945 nm wavelength is 2.7 x 10-1s W cm-z rim-l (Fig. 6 ). Scaling that value to Io's distance from Jupiter's "surface" (3.52 x 10s km), we get 1.26 x 10-9 W cm-z rim-l, assuming isotropic emission from the impact point. Dividing this by the solar flux density at Jupiter at 945 nm (3.03 x 10-~ W cm-z rim-l; ref.
20)
, we obtain 4.15 x 10-4. This maximum brightening that might be expected for Io would be difficult to detect, and is consistent with the apparent lack of such reflected impact "flashes".
Although we intended to derive absolute mass estimates from the PPR flash intensities, it is now unclear if that will be possible, since much of the energy deposition may be hidden from view for deeper-penetrating fragments. Whatever its value, we can however state a relative brightness 6. We believe that the fragment B impact was covered timewise but was too small to be detected. Data recorded for P were considered unlikely to be useful, given reports from ground-based observers and the HST. Fragment S may have been detectable but apparently impacted at a time too early for our fixed obsemation window. 8. The color temperature derived from the ratio of the 678 to 945 nm signal for event Q1
is highly sensitive to the absolute radiometric calibration of the PPR at these wavelengths.
Although inflight observations of Sirius confirm the preflight calibration factor to within 5% at 410 nm, we have some doubt about the 945 nm calibration because the signals for
Jupiter itself were about half of predicted levels. Until we can establish a reliable inflight calibration for 678 and 945 nm, the estimated color temperature should be considered preliminary and subject to significant uncertainty. The two polarization channels were averaged together for each wavelength, and periodic noise in one 678 nm channel removed (see Fig. 3 ). The relative amplitude of these signals indicates a high temperature for the flash. 
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